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(57) Abstract 



A serial binary multiplier multiplies 
two operands to provide a product. A firsr 
operand is- stored locally and a second 
operand is transmitted serially whilst 
simultaneously multiplying said first operand 
with all possible values of said second 
operand taking into account any received 
bits of the second operand. All possible 
results are added to the contents of a 
partial result register and stored and when a 
complete element of the full second operand 
has been received and decoded, the correct 
result is selected by the decoder. The new 
partial product is shifted in the register and 
when all the bits of the second operand have 
been received the final product is output to 
a serial to parallel converter. The method 
and circuit permit part of the mul ^plication 
process to be performed whilst the input 
data is still being transmitted thereby 
reducing the operation delay. In a I— bit 
two's complement embodiment a decoder a 
is used to decide whether to add or substract tP6IU 
the received bit of the serially transmitted 
operand to or from the contents of the partial 
result register. The decoder uses knowledge 
of the previously transmitted bit of the 
operand to make mis decision. 
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A SERIAL BINARY MULTIPLIER 



The present invention relates to a serial binary multiplier for performing fixed 



point multiplication in data processing apparatus. 

Central processing units of data processing apparatus generally incorporate a 
multiplier unit for performing multiplication operations- Typically such multiplier 
units are based on well known array multiplier designs or a shift-and-add algorithm. 
Multiplier units of this kind are generally optimised for performance (i.e. processing 
power and speed) or for compact implementation. 

One example of a multiplier unit having compact size is described in our co- 
pending international patent application No. GB97/01520. 

However, the performance of a serial multiplier, unlike an array multiplier 
design, is dependent on the total transmission delay in performing a sequence of 
. operations as the serial data is received. The total transmission delay is a combination 
of several delays in the sequential operation of the multiplication process, namely: a 
delay as the data is routed to the input of the multiplier; a delay as the data passes 
through the interconnect; and the multiplier operation delay. 

In monolithic design circuit performance has improved many fold as 
semiconductor processing techniques have lead to smaller and smaller component 
geometries. Contemporary integrated circuit process technology enables the 
manufacture of deep sub-micron circuit elements with physical dimensions of less 
than one micron. The performance of these circuits is often no longer determined by 
the operation of the active circuit components but is dominated by the interconnect 
delay between them. 

The difference between the performance of active components, for example 
transistors, and the interconnect, or routing, is greatly exaggerated in the 
implementation of programmable circuits such as Field Programmable Gate Arrays 
(FPGAs), where greater flexibility in the interconnect structures adds further to the 
delay imposed on signals passing through them. 

An alternative known approach to constructing a high performance multiplier 
is to base the design around a look-up-table. This is demonstrated in Altera* s FLEX 
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10K device. Using this technique all the possible results of the multiplication process 
are stored in a table and the input operands are used to choose one result from the 
table. The size of such multipliers becomes very large when, say, operands of 8 bits 
or more are used. The multiplication of n-bit wide operands requires a table with 2^ 
entries. An improvement to this design is to use multiple smaller look-up tables 
followed by a calculation step. This technique is also shown in Altera J s FLEX 10K 
device. The latter technique reduces the size of the multiplier but degrades the 
performance since a further calculation step is required after a preliminary result has 
been selected from the look-up table. 

It is an object of the present invention to obviate or mitigate the aforesaid 
disadvantages and to improve the performance of the data processing function of 
multiplication. 

According to a first aspect of the present invention there is provided a serial 
binary multiplier for multiplying two binary operands to provide a final product, the 
multiplier comprising means for storing at least one first operand, a register for storing 
a partial product of the multiplication operation, means for receiving elements of a 
second operand serially, a calculation unit for calculating all possible results being the 
sum of the partial product and the product of the first operand with all possible values 
of the element of the second operand, said possible results being calculated during 
transmission of the second operand, means for selecting either one of the possible 
results or the currently stored partial product on the basis of the value of the received 
element of the second operand, means for shifting the partial product in the register to 
provide a new partial product, and means to output the contents of the register as the 
final product when all bits of the second operand have been received. 

By using the calculation unit to calculate partial products whilst the second 
operand is transmitted the delay in transmitting the data is less significant in the 
overall time required to conduct the multiplication process. 

Preferably the second operand comprises a plurality of elements each 
comprising an m-bit word. In an embodiment where m=l the calculation unit is an 
adder. 
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The calculation unit calculates all possible results on the basis of the value of 
the first operand and the value of previously received elements of the second operand. 
The means to output the contents of the register preferably provides the final 

result in serial form. 

In one preferred embodiment the first and second operands and the final 
product are in two s s complement form and the possible results are calculated from the 
first operand, the partial product and the previously received bit of the second 
operand. In such an embodiment the calculation unit is an adder and subtractor and 
may take the form of a single circuit capable of addition and subtraction, the operation 
being determined by the value of the previously received bit. 

According to a second aspect of the present invention there is provided a 
method of operating a serial binary multiplier for multiplying two binary operands to 
provide a product comprising the steps of storing a first operand, storing a partial 
product in a register, transmitting elements of a second operand serially whilst 
simultaneously calculating all possible results being the sum of the partial product and 
the product of the first operand with all possible values of the element of the second 
operand, selecting either one of the possible results or the currently stored partial 
product on the basis of the value of the received element of the second operand, 
shifting the partial product in the register to provide a new partial product, and 
outpurting the contents of the register as the final product when all bits of the second 
operand have been received. 

Specific embodiments of the present invention will now be described, by way 
of example only, with reference to the accompanying drawings in which: 

Figure 1 is a block diagram of an embodiment of an m-bit binary serial 
multiplier according to a first embodiment of the present invention; 

Figure 2 is a block diagram of an embodiment of a 1-bit binary multiplier 
according to a second embodiment of the present invention; 

Figure 3 is a block diagram of the multiplier of figure 2 adapted for two's 
complement operation according to a third embodiment of the present invention; 
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Figure 4 is a table showing the calculation process of the multiplier shown in 
figure 3; and 

Figure 5 is a timing diagram for a single cycle of the multiplier operation. 

Referring now to the drawings, figure 1 shows the structure of an m-bit serial 
multiplier which performs the multiplication operation on a locally stored first 
operand B and a second operand A that is transmitted to multiplier in the form of a 
serial stream of m-bit wide data elements, the m bits of each data element being 
received in parallel and multiple serial data elements forming the complete operand 
data word. 

The multiplication process is performed by a calculation unit that comprises a 
bank of 2 m registers 1 and a bank of 2 in adders 2. The registers 1 store all possible 2 m 
results of multiplying the first operand B with all possible (2 m ) values of the second 
operand A. Each register 1 within the bank stores one result of multiplying the first 
operand B with an assumed value of the second operand A. Each of these 2 m 
multiplication results is passed to one of the adders 2 in the bank of 2 m adders where it 
is summed with a partial product of the overall multiplication process that is stored in 
a shift register 3. The results of the addition process are then passed to a multiplexer 4. 

A decoder (not shown) receives the m-bit serial input data element of the 
second operand A and on the basis of this, selects the appropriate correct result via the 
multiplexer 4. Thus the input data is used to select a pre-calculated result late in the 
calculation process. The selected (partial) result is then stored in the shift register 3 
which reformats the partial result by shifting the stored data by m-bits to the right. 
The partial result is then recirculated to the input of the bank of adders 2. The 
multiplication process described above is then repeated for the next received data 
element of the second operand A until the whole of the input data word of the second 
operand A has been received and processed, If the input data represents the value zero 
then the recirculated output of the shift register can simply added to die register 3 
rather than selecting the appropriate adder output. The final result in the shift register 
3 is transmitted to a parallel to m-bit serial converter (not shown) which outputs the 
final result (product) in the original m-bit serial format. 
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The above described multiplier allows the parallel operation of both the 
multiplier operation (including addition of the products to the partial result in the shift 
register 3) and the input data transmission. Using a locally stored first operand B a 
number of possible multiplier results is pre-calculated independently of the second 
operand A and added to the partial result from the previous cycle. In this way the 
multiplication process delay and the data transmission delay occur simultaneously, or 
in parallel. The second operand A is only needed to complete the multiplication 
process by selecting one of the pre-calculated results. By employing a decoder that 
selects the appropriate partial result the delay generally associated with the 
multiplication process is reduced, whilst avoiding the need for a large look-up table of 
possible results. 

U will be appreciated that by using the locally stored first operand B in the 
preliminary multiplication process, the number of possible pre-calculated results is 
greatly reduced in comparison to conventional multipliers based on look-up table 
designs. 

Figure 2 shows an embodiment of the present invention that is used to 
multiply 1-bit serial input data. A 1-bit serial multiplier is highly suited to realisation 
within a programmable device, since implementing programmable interconnects 
between functional units that only require a single point-to-point connection is both 
practical and well known. 

The operation of the 1-bit multiplier is similar to that of the generic m-bit 
multiplier example described earlier, however, using a 1-bit wide input format allows 
a novel optimisation of the circuit. 

Since the input data of the second operand must be either a 1 or a 0 then only 
one dynamic calculation is required as there are only 2 possible results, one of which 
is a null operation (i.e. multiplication by zero). The structure of the 1-bit multiplier 
varies from the m-bit multiplier in that the calculation unit only comprises a single 
register to store the first operand B and a single adder. Parts corresponding to those of 
figure 1 are indicated by the same reference numerals increased by 100 and are not 
further described except insofar as they differ from their counterparts in figure 1. 
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The calculation unit 1, 2 shown in Figure 1 can be constructed in the 1-bit 
multiplier embodiment of figure 2 by using a register store for operand B and a single 
adder 102. The implementation of such a circuit is well known. When the 
multiplication operation is initiated the previous serial input bit is taken to be a zero, 
Once the current signal data input bit of the second operand A has been received it is 
used to determine whether the selected result is to be the result dynamically calculated 
by the adder (the sum of the received bit of the second operand A and the partial 
product in the register 103) or the previous partial result (i.e. no operation is 
performed). The final result is output via a parallel to serial converter 105. 

' ' 'Figure 3 shows a multiplier design for multiplication of 1-bit operands in 
two's complement format. The serially transmitted second operand A is decoded by a 
decoder 207 and the output provides instructions to an adder/subtractor 208 to choose 
the dynamic calculation operation i.e. either to add or to subtract the local operand B 
to or from the partial result that is fed back from the shift register 203. These add and 
subtract instructions are decoded from the previous signal data input bit and allow the 
dynamic calculation to be performed in parallel with the cunent signal data bit being 
transmitted. When the multiplication operation is initiated ttie previous serial input bit 
is taken' to be a zero. Once the current signal data bit has been received and decoded it 
is used to determine whether the selected result is to be the result dynamically 
calculated by the multiplier or the previous partial result (i.e. no operation is 
performed) according to the table shown in figure 4. 

The timing diagram for a single cycle of the 1-bit two's complement multiplier 
operation is shown in Figure 5. The opening part of the clock cycle is available for the 
independent dynamic calculation of partial result(s) on the basis of the previously 
received data bit, and for the transmission of the current data bit. This is shown as 
"Tmult" in Figure 4. The remaining part of the clock cycle is then dedicated to the late 
select process that requires simple decoding of the current serial input data bit, which 
may be easily constructed with simple logic gates to give very high performance. The 
delay attributed to this process is shown as "Tselect" in Figure 4. Clearly, overlapping 
the data transmission delay and the multiplier operation delay in this late select 
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multiplier design offers greatly improved performance over traditional serial 
multipliers. 

It will be appreciated that numerous modifications to the above described 
design may be made without departing from the scope of the invention as defined in 
the appended claims. For example, the shifting of the partial product stored in the 
shift register 3, 103, 203 may be performed by any equivalent operation such as 
modifying the connections to the register. The term "shifting" is used in the claims 
with the intention of incorporating such equivalent operations. 
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CLAIMS 

1. A serial binary multiplier for multiplying two binary operands to provide a 
final product, the multiplier comprising means for storing at le?st one first operand, a 
register for storing a partial product of the multiplication operation, means for 
receiving elements of a second operand serially, a calculation unit for calculating all 
possible results being the sum of the partial product and the product of the first 
operand with all possible values of the element of the second operand, said possible 
results being calculated during transmission of the second operand, means for 
selecting either one of the possible results or the currently stored partial product on the 
basis of the value of the received element of the second operand, means for shifting 
the partial product in the register to provide a new partial product, and means to 
output the contents of the register as the final product when all bits of the second 
operand have been received. 

2. A serial binary multiplier according to claim 1, wherein the elements of the 
second operand are m-bit words. 

3. A serial binary multiplier according to claim 2, wherein m=l and the 
calculation unit is an adder. 

4. A serial binary multiplier according to claim 1, 2 or 3, wherein the calculation 
unit calculates all possible results on the basis of the value of the first operand and the 
value of previously received elements of the second operand. 

5. A serial binay multiplier according to any preceding claim* • wherein the 
means to output the contents of the register provides the-final result in serial form, 

6. A serial binary multiplier according to any preceding claim, wherein the first 
and second operands and the final product are in two's complement form and the 
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possible results are calculated from the first operand, tlie partial product and the 
previously received bit of the second operand. 

7. A serial binary multiplier according to claim 6, wherein the calculation unit is 
an adder and subtractor. ' 

8. A serial binary multiplier according to claim 7, wherein the calculation unit is 
a single circuit capable of addition and subtraction, the operation being determined by 
the value of the previously received bit. 

9. A method of operating a serial binary multiplier for multiplying two binary- 
operands to provide a product comprising the steps of storing a first operand, storing a 
partial product in a register, transmitting elements of a second operand serially whilst 
.simultaneously calculating all possible results being the sum of the partial product and 
the product of the first operand with all possible values of the element of the second 
operand, selecting either one of the possible results or the currently stored partial 
product on the basis of the value of the received element of the second operand, 
shifting the partial product in the register to provide a new partial product, and 
outputting the contents of the register as die final product when all bits of the second 
operand have been received. 

10. A serial binary multiplier substantially as hereinbefore described with 
reference to the accompanying drawings, 

11. A method of operating a serial binary multiplier substantially as hereinbefore 
described with reference to the accompanying drawings. 
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B asis of the report 

a. With regard to the language, the International search was carried out on the basis of the International application In the 
language In which It was filed, unless otherwise Indicated under this Item. 

I | the International search was carried out on the basis of a translation of the International application furnished to this 
' — 1 Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed In the International application, the International search 
was carried out on the basis of the sequence listing : 

| | contained In the International application In written form. 

filed together with the International application In computer readable form, 
furnished subsequently to this Authority In written form, 
furnished subsequently to this Authority In computer readble form. 



□ 
□ 
□ 
□ 

□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure In the 
International application as filed has been furnished. 

the statement that the Information recorded In computer readable form Is Idsnttcal to the written sequence listing has been 
furnished 



2. 
3. 



| | Certain claims were found unsearchable (See Box I). 
| | Unity of Invention is lacking (see Box II). 

With regard to the title, 

| | the text Is approved as submitted by the applicant. 

|X| the text has been established by this Authority to read as follows: 

A SERIAL-PARALLEL BINARY MULTIPLIER 



With regard to the abstract, 

|X| the text Is approved as submitted by the applicant 

□ the text has been established, according to Rule 38.2(b), by this Authority as It appears In Box III. The applicant may, 
within one month from the date of mailing of this International search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract Is Figure No. \ 

I I as suggested by the applicant. Q None of the figures. 

|X| because the applicant failed to suggest a figure. 

| | because this figure better characterizes the Invention. 
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1 OK device. Using this technique all the possible results of the multiplication process 
are stored in a table and the input operands are used to choose one result from the 
table. The size of such multipliers becomes very large when, say, operands of 8 bits 
or more are used. The multiplication of n-bit wide operands requires a table with 2 2n 
entries. An improvement to this design is to use multiple smaller look-up tables 
followed by a calculation step. This technique is also shown in Altera' s FLEX 10K 
device. The latter technique reduces the size of the multiplier but degrades the 
performance since a further calculation step is required after a preliminary result has 
been selected from the look-up table. 

It is an object of the present invention to obviate or mitigate the aforesaid 
disadvantages and to improve the performance of the data processing function of 
multiplication. 

According to a first aspect of the present invention there is provided a serial 
binary multiplier for multiplying two binary operands to provide a final product, the 
multiplier comprising means for storing at least one first operand, a register for storing 
a partial product of the multiplication operation, means for receiving elements of a 
second operand serially, a calculation unit for calculating all possible results being the 
sum of the partial product and the product of the first operand with all possible values 
of the element of the second operand, said possible results being calculated during 
transmission of the second operand, means for selecting either one of the possible 
results or the currently stored partial product on the basis of the value of the received 
element of the second operand, means for shifting the partial product in the register to 
provide a new partial product, and means to output the contents of the register as the 
final product when all bits of the second operand have been received. 

By using the calculation unit to calculate partial products whilst the second 
operand is transmitted the delay in transmitting the data is less significant in the 
overall time required to conduct the multiplication process. 

Preferably the second operand comprises a plurality of elements each 
comprising an m-bit word. In an embodiment where m=l the calculation unit is an 
adder. 
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III S Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV □ Lack of unity of invention 

V S Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations suporting such statement 

VI □ Certain documents cited 

VII El Certain defects in the international application 

VIII □ Certain observations on the international application 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/GB99/03897 



I. Basis of the r port 

1 . This report has been drawn on the basis ot (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17).): 
Description, pages: 

1 ,3-7 as originally filed 

2,2a as received on 01/1 1/2000 with letter of 01/1 1/2000 



Claims, No.: 

1-11 

Drawings, sheets: 

1/5-5/5 



as originally filed 



as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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International application No. PCT/GB99/03897 



□ 



the description, 
the claims, 
the drawings, 



pages: 



□ 



Nos.: 



□ 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
[3 claims Nos. 10,11. 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify?): 

IS the description, claims or drawings (indicate particular elements beloW) or said claims Nos. 10,1 1 are so 
unclear that no meaningful opinion could be formed (specify): 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V. R asoned statement under Article 35(2) with regard to novelty, inventive step or industrial apn» ; r— ' ; /: 
citations and explanations supporting such statement 



because: 
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1. Statement 



Novelty (N) 



Yes; 
No: 



Claims 
Claims 



5-8 
1-4,9 



Inventive step (IS) 



Yes: 



Claims 



No: Claims 1-9 

Industrial applicability (IA) Yes: Claims 1-8 

No: Claims 

2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Reference is made to the following documents: 
D1: US-A-5 539685 [TOSHIBA]; 

D2: S. SKLAR: '2's complement Arithmetic Operations' COMPUTER DESIGN., 
vol. 11, no. 5, May 1972 (1972-05), pages 115-121, XP0021 30443 
PENNWELL PUBL. LITTLETON, MASSACHUSETTS., US ISSN: 0010- 
4566. 

Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

1 . Claims 10 and 1 1 are not clear in the sense of Article 6 PCT for the reasons set 
out in the Gazette of PCT, Preliminary Examination Guidelines according to the 
PCT, Section, IV, Chapter III 4.10. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 . Claims 1 to 4 and 9 do not appear to be new in sense of Article 33 (2) PCT. 

1.1 D1 discloses a serial multiplier (see D1, column 1, lines 15-42; figure 1 falling 
under the terms of claim 1 as long as m is not defined. In D1, m is equal to 1. 
Figure 1 of D1 is self explanatory when making correspondences with the features 
of claim 1 (or claim 9). The main aspect being the calculation unit (made of the 
ADDER 4 combined with the connection line bringing Z<0:3> to selector 5) 
preparing all the possible results, in that case the two possible results OxY+partial 
product and 1xY+partial product for being selected based on the serially received 
element one bit of the operand stored in X, and these possible results being 
calculated during transmission of the multiplier (second operand). 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO- April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/GB99/03897 

EXAMINATION REPORT - SEPARATE SHEET 



1 .2 The features of dependent claims 2 to 4 could also be identified in D1 . 

2. Dependent claims 5 to 8 do not appear to add any technical features to any claim 
they depend to in order to render the subject matter of the combination inventive 
in the sense of (Article 33(3) PCT) over the available prior art. 

2.1 Providing a serialiser at the output of the multiplier is considered as a juxtaposition 
of technical features which does not lead to any inventiveness. This is 
furthermore in accordance with circumstances, that is the environment into which 
the multiplier is implemented in. 

2.2 The features of claims 6 to 8 have already been employed for the same purpose 
in a similar multiplier, see document D2, page 1 17, section entitled 
"Multiplication". It would be obvious to the person skilled in the art, namely when 
the same result is to be achieved, to apply these features with corresponding 
effect to a multiplier according to document D1 , thereby arriving at a multiplier 
according to claims 6 to 8. 

Re Item VII 

Certain defects in the international application 

1. The requirements of Rule 6.2(b) PCT, the features of the claims being provided 
with reference signs placed in parentheses, is not satisfied. 

2. The description on page 1 , lines 8-9 does not refer to a document which are 
available to the public and which can be easily retrieved (cf. Gazette of PCT, 
Preliminary Examination Guidelines according to the PCT, section IV, chapter II, 
4.18). 



Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997) 



